Abstract
I. Introduction
To obtain oxide materials, conventional ceramic methods based on solid phase reactions at high temperatures are commonly used. In recent years, however, the interest in the synthesis of oxide materials by unconventional methods significantly increased. Some of those methods such as: precipitation/coprecipitation methods, hydrothermal method, the method of decomposition of complex combinations, sol-gel method play an important role.
In the conventional synthesis of ceramics by solid phase reactions, the metal oxides or the corresponding salts, such as for example carbonates, are ground before calcinations to obtain a better homogeneity regarding the composition and the particle size reduction. Due to the fact that the solid phase reactions take place by diffusion, the particle size and metals distribution had a special importance [1] . The repeated stages of calcinations with intermediate grinding are often necessary to improve uniformity and reaction completion. These steps can be additional sources of contamination. High temperatures of calcinations may also affect the stoichiometry by volatilization of the reagents. The problems that are usually associated with solid phase synthesis include the following: a wide particle size distribution, weak sintering capacity, the presence of undesirable intermediate phases. To avoid the disadvantages described above, several new methods were developed, especially techniques in solution, leading to the improvement of the synthesis to obtain pure phases by performing mixing of the reactants at molecular level. In these conditions, the reaction temperatures are significantly lower leading to homogeneous and fine powders [2, 3] . Some of the chemical innovative methods are listed below.
The precipitation of metal salts is a classical chemical method which is often used for the synthesis of simple oxides. Adding a chemical reagent that determines the decrease of the solubility limit leads to precipitation. Coprecipitation occurs when different cations in solution precipitate simultaneously [4] . The control of the concentration, temperature, pH, solution homogeneity is essential for the simultaneous precipitation of all cations and to obtain perfectly homogeneous products. The following chemicals may be used as reagents for precipitation: ammonia, ammonium carbonate or ammonium oxalate (which give by decomposition volatile products), urea or hexametilentetraamina (which by step-wise hydrolysis gradually forms ammonium hydroxide in solution). The thermal decomposition of the hydroxides, carbonates or organic salts leads to the corresponding oxide compounds, insoluble in solutions [5] .
The principle of hydrothermal synthesis is based on a reaction in the aqueous solution or suspension of the precursors at high temperature and pressure. Generally the temperature ranges between 100°C and the critical temperature of water at 374°C. Crystalline powders are obtained and the additional step of calcinations is not required. The particle size and shape can be modified by the reaction temperature, pH, time and concentration of reactants [6] .
Thermal decomposition of inorganic complex combination method is another unconventional method of synthesis of the oxide compounds [5] . Among the heteropolynucleare combinations that by relatively lowtemperature conversion generate mixed oxides with special properties, the mostly used are those containing carboxylic acid as anionic ligands such as: formic, acetic, oxalic.
" Pechini" method [5] allows the synthesis of oxide compounds, with a very good control of the stoichiometry of the reactants and reaction products. Advanced homogeneity and high reproducibility of the reaction mixture exceed the performances of the classical method of synthesis of ceramic compounds expressed in terms of production temperatures and degree of crystallinity. The "Pechini" method is also called "the polymeric precursor method" or "the method of mixed liquids". In principle, the method consists in the formation of a chelate by the reaction of different cations introduced into the system as soluble salts (commonly used are nitrates) with a carboxylic acid (most commonly citric acid). The resulted aqueous solutions containing citric acid and metal salts are then mixed with a desired polyol (most often ethylene glycol) and heated at 80-100°C, resulting in a clear solution. By further heating, between 150-250°C, a condensation reaction occurs involving COOH and OH groups, leading to the formation of a polyester "resin", in which metallic cations are distributed uniformly in the resin mass.
Among these conventional methods in solution, the sol-gel process based on alkoxides or the sol-gel process in aqueous medium are also included [2, 7] .
Sol-gel alkoxide route presents a major interest in the field of ceramics. The starting materials, the metallic alkoxide (with general formula M(OR) n ), are commercially available for a large variety of metals. As shown by Brinker and Scherer [2] , by changing the reaction conditions of the synthesis particles, films, fibers, gels can be obtained. By reactions in the presence of organic compounds, hybrid materials are obtained [8] . The processing of oxide compounds by alkoxide route is based on the hydrolysis and polycondensation of metallic alkoxides M(OR) n .
Sol-gel process in aqueous medium uses inorganic salts and chelating agents of carboxylic acids or polyol type as precursors. The citrate route using citric acid as chelating agent compared to other methods, has the advantage of not only a good mixing of the components at the molecular scale, but also offers the possibility of obtaining films and fibers which have technological importance [9] . Carboxylic precursors are used in the sol-gel route for obtaining oxide materials especially in systems containing transition metals with the role of chelating agents in order to avoid their precipitation. The chemistry of the sol-gel process in aqueous medium, in systems containing transitional metals can be very complicated as several molecular species could be formed depending on the oxidation state of the metal, pH or concentration. In addition, in the case of nontetravalent cations oxides, hydroxides or oxo-hydroxides are obtained. In the aqueous medium route during the hydrolysis of inorganic salts, new ionic species or precipitates can be formed. Hydrolysis of salts may involve formation of hydrated cations, anions or both types of ions. The hydrolysis of metal cations was first studied by Bjerrum in the early twentieth century [10] . Previous to the studies conducted by Sillen [11] , the formation of the polynuclear hydrated compounds was almost ignored. Sillen proposes a mechanism of hydrolysis in which the hydroxyl groups are linked to cations and lead to the formation of condensed species. Now, the iso and heteropoly oxometalate are well known and in the specialized literature there are detailed data about cation hydrolysis [12] .
In the present review results concerning the preparation by chemical innovative methods of two types of perovskite, namely FeBiO 3 and LaCoO 3 , are presented. The properties as powders, films and sintered bodies are also discussed.
II. BiFeO 3 type perovskites

BiFeO 3 films
The structure and properties of thin films are well known to exhibit a number of deviations from those of bulk ceramics and single crystals. BiFeO 3 (BFO) shows unexpectedly small values of the ferroelectric polarization Ps even in a single crystal. Wang et al. [13, 14] have fabricated an epitaxial monoclinic pseudotetragonal BFO film having Ps = 90 C/cm 2 , almost one order of magnitude higher than that of the bulk BFO by applying a strong compressive stress imposed by the bottom structure, SrRuO 3 /SrTiO 3 . It appears that the crystal structure of BiFeO 3 thin films can be affected by the stress and may take different variants depending on the substrate materials, preparing routes and processing conditions. Due to an ever-increasing interest in this promising material as a candidate for multifunctional devices, epitax-ial and polycrystalline BFO films have been successfully fabricated via various techniques such as pulsed laser deposition (PLD), chemical solution deposition (CSD), magnetron sputtering and others.
Thin films techniques provide routes to structures and phases difficult to obtain by traditional procedures and they also allow properties to be influenced by strain engineering [15] . Studies on the preparation of BiFeO 3 thin films have presented promising potential for improving the ferroelectric polarization, for reducing the leakage current density associated with the low resistivity and high conductivity, and by suppressing the cycloid spin modulation that render an overall zero magnetization.
One practical way to obtain thin ceramic films is the CSD (chemical solution deposition) technique. The general principle involved in the solution deposition of films is to prepare a "homogeneous" solution of the necessary cation species that may later be coated onto a substrate. The fabrication of thin films by this approach involves four basic steps: (i) synthesis of the precursor solution; (ii) deposition by spin-coating or dip-coating, where drying processes usually begin depending on the solvent; (iii) low-temperature heat treatment for drying, pyrolysis of organic species (typically 300-400°C), and formation of an amorphous film; (iv) higher temperature heat treatment for the densification and the crystallization of the coating into the desired oxide phase (600-1100°C). For most solution deposition approaches the final three steps are similar, despite differences in the characteristics of the precursor solution and for electronic devices, spin-coating has been used almost exclusively [16] . Depending on the solution route, different deposition and thermal processing conditions may be employed to control film densification and crystallization for the preparation of materials with optimized properties [4] . Film short comings that could involve changes in solution chemistry include poor thickness uniformity (striations), crack formation, crystallization behaviour and phase purity, and compositional non-uniformities. For the production of BiFeO 3 thin films, the most frequently used CSD approaches may be grouped into different categories: (1) sol-gel [17, 18] , (2) chelate processes [18] , (3) citrate route [19, 20] , and (4) Pechini process [21] [22] [23] . Previously we reported the synthesis of BiFeO 3 powders by combustion and by the polymerizable complex method [24, 25] .
The citrate solution synthesis is similar to Pechini process, except that ethylene glycol or other polyhydroxy alcohols are not used. By citrate route [26] we have reported the obtaining of BiFeO 3 thin film which has been used to provide homogeneous, single-phase perovskite BiFeO 3 thin films on stainless steel. Stainless steel was chosen as a suitable substrate not only because it is inexpensive but also because being a conductor it can be used as electrode. Samples with a multilayered structure were deposited in order to achieve films with the desired thickness, sometimes impossible to be obtained by only one deposition. On the other hand the thickness of the film cannot be simply obtained by multiplying the thickness of one layer by the numbers of depositions, because each layer from the multilayered structure suffers a different number of thermal treatments and more than that, each new deposited film interacts with the previous one. Fig. 1 shows the XRD pattern of a BiFeO 3 thin film that was deposited from the Bi-Fe precursor solution on steel (A) and on silica glass substrate (B), with heat treatment at 600°C for 1 h.
Single-phase perovskite of BiFeO 3 was obtained already at about 600°C from the decomposition of the complexes. The pattern shows a rhombohedrally distorted perovskite structure. The XRD data showed also that no impurity phase existed in the film after the treatment at 600°C. The amorphous gel film crystallized to a single phase perovskite with no formation of intermediate phases or unwanted second phases. The XRD coherent crystalline domain size is around 12 nm. When the film was deposited, using the same experimental conditions, on silica optical glass substrate, it exhibited a somewhat lower degree of crystallinity. The Raman spectroscopy data of the BiFeO 3 thin films crystallized at 600°C for 1 h on stainless steel substrate are in good agreement with the X-ray diffraction pattern, showing that the films are rhombohedrally distorted perovskite BiFeO 3 (Fig. 2) . The film shows similar structure to bulk BiFeO 3 material prepared by the same method [25] . Similarly to other reported data [27], our thin films show the presence of the R3c symmetry; the wide bands indicate a small crystalline size.
The XPS experimental data reveled that the 3/2 and 1/2 spin orbit doublet components of the Fe2p photoemission located at 711.5 and 725.8 eV respectively, were identified as Fe SEM measurements revealed that the BiFeO 3 film was crack free, with a homogeneous thickness. We scratched the surface in order to see the thickness and the transversal microstructure of the film, evidenced in the obtained micrographs taken on samples tilted at an angle almost perpendicular to the electron beam. The morphology is dense and uniform, which further supported the absence of second phases as observed in Raman spectroscopy and XRD. An uniform microstructure and a grain size of less than 50 nm can be noticed (Fig. 3) .
TEM images of the BiFeO 3 film show that the BiFeO 3 layer is well-grown and polycrystalline, with a homogeneous thickness and a dense microstructure. The TEM analysis revealed that the film (cross section) consists of two sublayers both, of BiFeO 3 : a nano-layer at the outer surface and a micro-layer below. Selected area electron diffraction measurements indicated the lower crystallinity of the nanolayer (Fig. 4) .
The cross sectional TEM measurements of the film confirmed that it is crack-free, dense and polycrystalline. The film deposited on the steel substrate has two sublayers: a very thin (less than 100 nm) nanocrystalline layer, with crystallite size of a few nanometers, and a thicker (less than 1 micron) crystalline layer. EDX spectroscopy analysis in several areas of the film gave in all the analyzed regions an almost equal atomic content of Bi and Fe, within the experimental uncertainty. HRTEM micrograph at the interface between BiFeO 3 and the stainless steel substrate has shown excellent bonding to the substrate (Fig. 5) .
From the measurement it becomes clear that this preparation method does not lead to any orientation of the BiFeO 3 nanocrystallites. The micrograph shows that BiFeO 3 nanocrystallites placed at about 2 nm from the interface are randomly oriented. Some contrast can be observed in a very thin layer of less than 1 nm, at the edge of the stainless steel, indicating that the building up of thermal strains in the steel lattice is limited to a thin region of a few atomic layers. When the citric acid is replaced by polyvinyl alcohol some changes may be observed. Fig. 6 exhibits room temperature Raman spectra of bulk BiFeO 3 (as obtained), similar to the one reported in reference [28] and of two BFO films on glass substrate obtained with two different chelating agents: polyvinyl alcohol and citric acid [20] .
As it could be foreseen, both films have shown similar spectra to bulk BFO material except for some upshifted frequency peaks and the peak located at about 92 cm −1 which seems to decrease drastically for both films. Singh et al. [27] The volume fractions of the components and the thickness of the layers were used as fitting parameters. Both precursors induce a slightly different behaviour of the films regarding optical constants, films thickness and composition. The citric-type samples lead to films with smaller n, k and d (n = 1.558 at λ = 0.55 µm) and ∆d (difference in thickness between the second and the first layer, see Table 1 ) in the range of 147-200 nm, confirmed also by SEM images, in comparison with the polyvinil-type samples (n = 1.604 at λ = 0.55 µm and ∆d = 220-270 nm). These observations were correlated with complementary chemical and structural methods. Detailed XRD analysis has been presented [20] being in good accordance with the above observation.
Data obtained from XPS analysis show that Fe2p as well as Bi4f exhibit typical 3+ oxidation states (Fig. 7) with a lower concentration of Fe 3+ on the top of the sur- . After the thermal treatment the films morphology is changed with a continuous variation in the volume fractions of the components, optical constants (n and k) and thickness. Both C-(citric acid) and P-type (polyviface as a result of a possible Bi segregation to the surface.
The XPS sensitivity to the outermost surface layer must be emphasized meaning that only the first 20-30 monolayers (a few nm) can be detected. Carbon is present on the surface as the main contaminant but the detection of Si2p at 102.4 eV together with the appearance of the Na1s at 1072 eV reveals the presence of silicates nyl alcohol) samples become denser, as the voids content decreases, which exhibit a clear tendency of crystallization but smaller than in the case of bulk BiFeO 3 -revealed by Raman results. In this respect, the following succession was found: (BFO bulk) > (BFO-C2) > (BFO-P2). In the near surface region one may notice the lower relative concentration of Fe, suggesting a possible Bi segregation to the surface and/or Fe diffusion into film. Thin films of bismuth ferrite, obtained by a wet chemical low-temperature process, using bismuth and iron nitrates and two chelating agents (citric acid and polyvinyl alcohol) were successively deposited on different types of substrates (silica glass, steel and sintered alumina) by the immersion technique [31] .
The detailed XRD spectra corresponding to the specimens deposit on glass (a), stainless steel (b) and alumina (c) are shown in Fig. 8 . It can be seen that at lower temperature the formed phases are strongly influenced by the nature of the chelating agent and the type of substrate. Bismuth oxide is formed especially on the glass substrate and subsequently Bi 36 Fe 2 O 36 appears especially on the film surface. The presence of BiFeO 3 formed at this temperature may be inferred by some diffraction lines which can be assigned to a distorted perovskite structure. The process of BiFeO 3 formation is not finished in the investigated conditions. These observations are in accordance with the previous investigation on Bi 2 O 3 and BiFeO 3 films formation [19, 20] . Fig. 9 shows room temperature Raman spectra of bulk BiFeO 3 and of the BFO films on glass, stainless steel and alumina obtained using the two chelating agents.
Polyvinyl alcohol caused wider bands and higher Raman peak intensities compared to those obtained using citric acid. There is a peak intensity decrease from the glass substrate toward the steel substrate (Fig. 9b) . Similar behaviour shows the films with polyvinyl alcohol, on all substrates except the one on alumina. Both films on stainless steel, OC2 and OP2 show distinct spectral features over 250-450 cm -1 . In this spectral range there are few peaks, except for the peak at 380 cm -1 , originating from residual Fe 2 O 3 and/or from the stainless steel substrate [32] . Higher frequency peak position of both films can point out a higher distorted R3c phase and/or the formation of a second phase, Bi 36 Fe 2 O 57 as reported earlier [33] . Since the processing temperature of the films was kept around 500°C and the thermal stability range of Bi 36 Fe 2 O 57 is about 600-700°C, a possible explanation consists in the presence of some residual Bi 2 O 3 and Fe 2 O 3 as well as of small amounts (under Xray detection limit) of the Bi 36 Fe 2 O 57 phase (XPS identified) in both films.
BiFeO 3 powders
The interest in the investigation of the BiFeO 3 as a bulk material is justified by the need to distinguish between the intrinsic and extrinsic contributions to the electrical characteristics of this material. It is expected that in films, particularly in ultrathin structures, extrinsic factors such as epitaxial stresses, electrode film or intergrain interfaces play an important role on the electrical properties of the system. In this spirit, the bulk polycrystalline ceramic is an isotropic system in which the electrode material interfaces give a negligible contribution to the total impedance, so that values closer to the intrinsic ones are expected for the electrical properties [34] . During synthesis, the kinetics of formation always leads to a mixture of BiFeO 3 as a major phase along with other impurity phases. The task becomes dif- 1 : 1 mixture compared with bismuth sesquioxide (doted line) and BiFeO 3 α-alanine-based precursor (see inserted picture). Only a highly exothermic effect with a major weight loss in the 157-177°C temperature range for the last case can be noticed. An endothermic event at around 710-730°C, characteristic to the α/δ Bi 2 O 3 polymorph transition was observed but the endothermic event at 810°C on the Bi 2 O 3 DTA curve, assigned to the melting of this oxide is missing. This observation suggests that the reaction between the components is very fast and started at lower temperatures. Also the absence of the endothermic effect at 810°C, assigned to the melting of Bi 2 O 3 , proves that this component has already reacted. Based on this observation we have established the corresponding annealing treatments. XRD patterns for BiFeO 3 powders obtained after 3 h of annealing at 600°C, in air revealed that BiFeO 3 is obtained at low temperature with rhombohedral distorted perovskite structure with a hex = 5.577 Å and c hex = 13.866 Å (Fig. 11) . In the case of the classic route (800ºC/1 h) the cell parameters were a hex = 5.570 Å and c hex = 13.861 Å in accordance with the size effect studies of BiFeO 3 which indicate that as the particle size decreases, the lattice expands [41] . A trace of a bismuth rich secondary phase (silenite-type) was observed. The intensity of the secondary phase peak at 2θ = 27.9° is the highest for the samples obtained by calcining the precursor at 500°C for 3 h and decreases in the case of the samples obtained at 600°C.
SEM (Fig. 12 ) and TEM images (Fig. 13) confirm the above observations. After sintering the nanopowder at 700 °C/1 h (Fig. 12) , a high tendency of densification can be observed. A high interconnection of the grains can be noticed and also the presence of small amounts of a secondary phase. Popa et al. [25] reported a simple technique for the preparation of single phase BiFeO 3 powders using the polymerized complex method, starting from iron and bismuth nitrates. A mixed aqueous solution with citric acid (CA), ethylene glycol (EG), Bi and Fe ions was polymerized. The initial powder images indicate that the onset crystallization occur already around 350°C. It can be observed that crystalline grains were already formed at this temperature in the precursor powder and show small particle size around 20 nm (Fig. 14) .
A broad exothermic effect on the DTA curve (Fig.  15 ) associated with a major weight loss on the TG curve, at around 380°C, can be assigned to the decomposition of the trapped nitrates and noticed up to 900°C. At around 935°C, on the DTA curve, there is an endothermal effect caused most probably by the melting of BiFeO 3 . One assumes that the effect at 370°C is also related to the Neel temperature of BiFeO 3 corresponding to the magnetic phase transition of BiFeO 3 [33, 42, 43] .
The XRD data show that the powders were rhombohedrally distorted BiFeO 3 -perovskite, according to JCPDS 20-169 file. The XRD analysis showed that no impurity phases existed in the powders obtained at 600°C (Fig. 16) . The initial material was partially crystallized, indicating that the onset crystallization occurs around 350°C, as at this temperature the BiFeO 3 phase begins to form. It can be noticed that in spite of the presence of a Bi rich secondary phase peaks around 27° (marked as * in Fig. 16 ) completely disappeared at 600°C. Contrary to the observations reported by Ghosh et al. [44] related to the use of citric acid replacing tartaric acid in their synthesis method, in this case BiFeO 3 was the only formed phase and no other secondary phases were registered in the final XRD pattern. Fig. 17 shows the microstructures of the perovskite type BiFeO 3 prepared by PC method at 400 and 500°C. The mean particle size is almost in the nanometric range, between 100-200 nm. The SEM images show an uniform grain size distribution and homogeneous structure. No significant growth of particle size was noticed with the increase of the temperature of the thermal treatment.
III. LaCoO 3 type perovskites
The mixed oxides type perovskite with general formula ABO 3 can be considered strategic materials due to their magnetic, electrical and catalytic properties [45] . Special attention was given to LnMeO 3 type oxides with perovskite structure, where Ln belongs to the lanthanides group and Me is an element of transitional metal groups, due to their application as materials for electrodes in solid electrolyte cells (SOFC) or materials for chemical sensors. LaCoO 3 compound belongs to this class of materials showing interesting electrical and catalytic properties, due to a high ionic and electronic It is also known that LaCoO 3 electrode offers much better performance than the cathode materials based on LaMnO 3+δ [46, 47] . To get good performance and functional properties, dense materials with a well defined microstructure are desired. For this purpose, it is important to prepare high quality powders with controlled microstructure and stoichiometry. Single phase materials are preferred because in most cases, the presence of secondary phases decreases the functional properties. Many authors were interested to synthesize powders or films in this system [3, [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] .
LaCoO 3 compound can be obtained through several methods of preparation. As conventional preparation technique, solid state reactions based on metal oxides, carbonates or oxalates followed by a thermal treatment around 1000°C, with intermediate grinding was used [47] . This method leads to materials with low specific surface area, with low activity, requiring high temperatures and long thermal treatment.
To avoid the disadvantages described above, several new methods were developed, especially techniques in solution, which lead to improved conditions for obtaining pure phases. Such syntheses require low reaction temperatures and enable obtaining homogeneous and fine powders [3] .
These methods include the sol-gel process (alkoxide route and aqueous route) in the presence of citrate or tartrate [7] , hydrothermal and coprecipitation [58] [59] [60] . Kleveland et al. [51] used a chemical route starting with nitrates and ethylendiamine tetracetic acid, while Faaland et al. [61] applied a spray pyrolysis method starting with the same precursors. Berger et al. [62] proposed a combustion method, while Li et al. [63] presented a combined method of milling nitrates with nitric acid followed by coprecipitation with potassium hydroxide.
The sol-gel method using alkoxides La(O i Pr) 3 and Co(NO 3 ) 2 as precursors was used by Hwang [50] . The polymerizable complex method was used by Popa [64] and Guo [65] . The carboxylic route was applied by Taguchi et al [66] and Ajami et al. [67] using lanthanum and cobalt nitrate and citric acid as chelating agent.
LaCoO 3 powders
Sol-gel method is often used as a technique for the preparation of powders, because of well known advantages such as an easy way to obtain homogenous distribution of precursors with the possibility of controlled introduction of a given quantity of dopant, control by chemical reaction, control of viscosity and low temperature of processing. Citrate sol-gel process route presents advantages over other methods not only of good mixing of the components at the atomic scale, but also offers the possibility of obtaining films and fibers which have technological importance [9] .
The studies of the LaCoO 3 powder formation started with the investigation of the sol-gel process in aqueous medium using inorganic salts and carboxylic acids (citric acid) as chelating agents [68] . Two different reagents, namely La-and Co nitrates and acetates, respectively and citric acid in 1 : 1 : 1 molar ratio in aqueous solutions were used [69] [70] [71] . The solutions, the resulting gels and the powders, starting with nitrate were labelled (N), while the similar solutions and gels (P) obtained with acetates were labelled (A). The gelling process in the studied solutions was approached by spectroscopic methods. In the UV-VIS spectra of the La-Co solutions based on nitrates and acetates immediately after their preparation and after 30 hours of storage at 80°C the Co 2+ ions in octahedral coordination were observed [72] . The positions of the absorbance bands of the UV-VIS spectra are presented in Table 2 .
In the Table 3 the assignment of the vibration mode in the FT-IR spectra of the same solutions are presented. In the case of the La-Co solutions based on nitrates, according to the frequency separation between the antisymmetric stretching and symmetric stretching of the carbonyl ion (∆ν = 314 cm -1 ), it could be concluded that the carboxylic groups of the citrate act as unidentate ligands [73] . On the other hand in the case of La-Co solutions based on acetates the same separation is only ∆ν = 142 cm -1 , leading to the conclusion that carboxylic groups of citrate ligands act as bridging ligands.
According to the literature data, systematic investi- Figure 19 gations of the sol-gel chemistry in the aqueous medium using citric acid for the mentioned system have not been carried out before.
The viscosities of solutions kept at 80°C display a slow constant continuous growing evolution in time. For the solutions prepared starting with acetates a higher viscosity was observed relatively to the solution starting from nitrate, due to the presence of the acetate ions which can act also as a chelating agent. The increase of the viscosity values takes place between 1.7 cP and 2.05 cP for the nitrate derived solution and 1.75 cP and 2.25 cP for the acetate derived solution.
Under above presented experimental conditions amorphous red gels were obtained.
The SEM images of the samples obtained with different starting precursors (nitrate N and acetate A), are presented in Fig. 18 and show pieces of gel. The sizes of the gels' fragments are different and depend on the starting precursors.
The positions of the absorbance bands of the UV-VIS spectra, of gels obtained starting with nitrates and acetates are presented in Table 4 . In the spectrum of the nitrate-derived gel the d-d transitions correspond to the Co(II) ion in the tetragonal distorted geometry. In the acetate-derived gel the d-d transitions correspond to the formation of complex gels in which Co(II) ion has an octahedral symmetry.
Based on the data presented above one may conclude that during the sol-gel processes of the lanthanum-cobalt-citric acid system in the presence of the carboxylic acids starting with both nitrates and acetates, a lanthanum cobalt citrate gel with a coordinative structure was obtained.
The thermal behaviour of the dried gels was also investigated. Both dried gels lose weight stepwise. The choice of the starting compounds influences the path- According to the results obtained by DTA/TG analysis, the gels were thermally treated at 600°C, for 6 hours leading to the formation of the single pure perovskite rhombohedral phase of LaCoO 3 (JCPDS 84-0848) (Fig.  19) . The annealed samples were evaluated by X-ray diffraction using a CuKα (λ = 0.1540 nm) radiation source in a BRUKER AXS D4 ENDEAVOR X-ray diffractometer. The diffraction angle (2θ) range between 10° and 90° was scanned.
In Table 5 the XRD evaluation of the crystallographic parameters, particle size and internal stress of the thermally treated powders is presented.
The presented results have shown the same rhombohedral perovskite structure for both samples, but with higher values of the crystallographic parameters, higher internal stress of the crystals, higher particles size and higher surface area when acetates were used as precursors. Due to the fact that in the case of the powders obtained from acetates both particles size and specific surface area are higher than in the case of the powders obtained from nitrates, one may assume that in this later case an intragranular porosity is present.
TEM and SAED measurements confirm the formation of the rhombohedral perovskite structure of the LaCoO 3 (Fig. 20) which is in accordance with the XRD results.
Comparing our data with results published before, one may underline that the formation of LaCoO 3 powder, as pure phase, takes place at essentially lower temperature as the previously published [51, 74] .
LaCoO 3 ceramic samples
According to the literature data no matter of the precursor powders used, the sintering temperature and time required for obtaining dense ceramic samples were high. Schmidt et al. [74] obtained sintered samples by thermal treatment at 1200°C for one day, starting with powders prepared by classical method, while Kleveland et al. [51] used the same procedure with powders obtained by chemical methods. Predoana et al. [75] studied the sintering properties of the pressed powders characterized above in the temperature range 800-1200°C. The ceramic properties of the pressed and sintered samples are presented in Table  6 . One may notice that the variation of the open porosity with the thermal treatment of the samples obtained from both powders presents close values. However, the ceramics obtained from the powders prepared from acetates have shown much lower densities as compared with the powder samples prepared from nitrates. This behaviour could be correlated to the presence of an internal porosity of the grains obtained starting with acetates. The structure of the sintered powders, as determined by XRD was the same as in the initial powders, but with a higher intensity of the diffraction lines. In the case of the powders obtained starting with acetates, Co 2 O 3 traces occurred during the sintering process at highest temperature (1200°C), as a secondary phase.
The SEM images (Fig. 21) have shown a lower tendency for sintering and a less homogeneous morphology for the ceramics prepared from powders obtained from acetates.
The ceramics sintered at 1100°C from powders obtained from nitrates present uniform grain size distribution and practically no open porosity.
The increased sintering ability of the reactive powders obtained by innovative methods lead to ceramic bodies with good ceramic properties at lower temperature than that reported before (1100°C as compared to 1250°C).
IV. Conclusions
In the present review results concerning the preparation of two type of perovskite, namely FeBiO 3 and LaCoO 3 , by chemical innovative methods are presented. The structural properties of films, powders and sintered bodies are also discussed. The beneficial effect on the preparation methods used on the structure and properties of the resulted materials is revealed.
